Background: Although midazolam administration may occasionally induce a paradoxical episode, such as threatened crying and violent behavior in children, systematic studies on the causes of paradoxical reaction are limited. We investigated the effect of children's age and a dose of midazolam on the paradoxical reaction. Methods: A total of one hundred sixty four children of 1-3 years and 3-5 years, were enrolled in this study. Each age group randomly received 0.05 mg/kg or 0.1 mg/kg of intravenous midazolam (41 patients/group). Results: The incidence of paradoxical midazolam reaction in the study groups, 1-3 years with 0.1 mg/kg of intravenous midazolam, 1-3 years with 0.05 mg/kg, 3-5 years with 0.1 mg/kg, and 3-5 years with 0.05 mg/kg were as follows: 29.3%, 12.2%, 7.3% and 2.4%, respectively. The incidence among the 4 groups was significantly different (P = 0.002), highest in 
Introduction
As a short acting hypnotic-sedative drug, midazolam has been used frequently in children prior to surgery to minimize preoperative anxiety and compliant induction of anesthesia. Although most pediatric patients are very positive toward the administration of midazolam, the adverse reaction has been rarely associated with midazolam administration [1] [2] [3] [4] [5] . These reactions are sometimes called paradoxical reactions since patients experience almost opposite effects compared with the usual sedation and anxiolysis [2] . Paradoxical reactions from the benzodiazepines typically consist of hallucinations, inconsolable crying, agitation, restlessness, disorientation, other psychological phenomena, and aggressive behavior, even needing restraint. Furthermore, children frequently do not recognize their parents. So parents are often frightened by the child's refusal of their attenpts to provide comfort [2] .
The reported incidence of the paradoxical reaction varies from less than 1% to above 10%, because the study protocols have not been controlled with a wide range of age [1, 2, 6] and coadministration of other agent [2] . In addition, the cause of paradoxical midazolam reaction is unclear. In previous studies, risk factors, such as dose of midazolam [5] , younger age [7] , and psychological and genetic background [8] have been thought related with paradoxical reaction from benzodiazepine administration. However, the few reports on the paradoxical midazolam reaction are based on case reports [3, 8] . There is paucity of available literature for a controlled study on the cause of midazolam-induced paradoxical reaction in pediatric patients.
Therefore, the aim of this study was to investigate whether the incidence of paradoxical reaction following intravenous midazolam is dependent on the children's age and dose of intravenous midazolam.
Materials and Methods
After obtaining our institutional ethics committee approval and written informed consent from each patient's parents/ guardian, a total of 164 American Society of Anesthesiologists physical status I-II pediatric patients, aged 1-5 years (82 paients/1-3 years old and 82 patients/3-5 years old, respectively) undergoing elective surgeries with general anesthesia participated in this study. Additionally, to investigate the dose effect on the midazolam induced paradoxical reaction, patients of the each age group were randomly dichotomized to 2 groups to receive i.v. midazolam 0.05 mg/kg or 0.10 mg/ kg, resulting in 4 study groups. An independent physician gave physical examinations and took histories the day before surgery in the ward. Patients who had severe hepatic, renal, cardiac, respiratory disease, physical and mental retardation, or who received drugs that might affect benzodiazepine metabolism were excluded from the current study. The levels of anxiety of children and their parents/guardian at the preoperative holding area, before the administration of midazolam, were evaluated by the subjective anesthesiologist according to the modified Yale Preoperative Anxiety Scale [9] and anxiety numerical rating scale (NRS) ranged 0-100 (0 = no anxiety, 100 = intense anxiety ever), respectively. After placing an intravenous line at the dorsum of the hand in the ward by pediatric nurse, children were brought into the preoperative holding area (premedication section of the operating room). According to their groups, an intravenous midazolam of 0.05 mg/kg or 0.10 mg/kg (Dormicum Ⓡ ; Roche, Brussels, Belgium) was given to children without any notice about the injection by an anesthesiologist in charge.
Within 5 minutes following midazolam administration, abrupt unexpected behavior, such as frightened crying, restlessness, agitation or increased anxiety, aggression and rage, depression, and which is apparently different from the normal frightened reaction, was recognized as paradoxical midazolam reaction by the caring anesthesiologist. In the operating room, after placement of routine monitoring with electrocardiogram, noninvasive blood pressure and peripheral oxygen saturation, anesthesia was induced with administration of pentobarbital 5 mg/kg intravenously under mask ventilation with oxygen and sevoflurane. After anesthetic induction, rocuronium 0.6 mg/ kg was followed to facilitate tracheal intubation and controlled ventilation during surgery. Anesthesia was maintained with sevoflurane in 50% oxygen during anesthesia. All patients received pethidine chloride i.v. according to body weight for pain control within 20 min at the end of surgery. If required, an additional opioid, such as pethidine chloride or fentanyl i.v. was administered during the stay at post anesthetic care unit (PACU). No postoperative behavioral disorder and side effects were observed in the patients during the stay in the PACU.
Prior to this study, sample size in each group was determined using power analysis. Forty patients in each group was nece ssary to permit at least double the incidence of paradoxical reaction in 1-3 years old children compared to that of 3-5 years old children with 0.10 mg/kg of i.v. midazolam, with a type I error of 0.05 and a power of 80% based on the estimated incidence of 10%. Statistical analysis was performed using SPSS Ⓡ software (version 16.0, SPSS Inc., Chicago, IL, USA). Demographic data, such as age, weight and height, and peri operative clinical data including fasting time, preoperative children's anxiety and parents' anxiety, operation duration, opioid dosage for immediate postoperative pain control and PACU stay were compared by using Kruskal -Wallis test or one way ANOVA among the 4 groups. Chi-sqaure test and Fisher's
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exact test were used for the incidence of paradoxical reaction among the 4 groups. Logistic regression showing paradoxical midazolam reaction in the groups was performed. The OR and 95% CI are presented for each group with a significant association with the incidence of paradoxical reaction. In addition, children's age and midazolam dosage as risk factors of paradoxical reaction were analyzed based on Chi-square tests from Logistic model fitting at alpha = 0.05. Data are presented as means ± SD, median (IQR) or numbers (proportion). P < 0.05 was considered as significant.
Results
The demographic and perioperative clinical data among the 4 groups are shown in Table 1 . The mean age of children with midazolam of 0.05 mg/kg and 0.10 mg/kg were comparable between the groups. In perioperative clinical data, there were no significant differences among the 4 groups. In addition, the episode of paradoxical reaction was not associated with perioperative clinical data.
Of the 164 children, 143 children (87.2%) were happy with midazolam administration and 21 children (12.8%), aged 1-5 years, following 0.05 mg/kg or 0.10 mg/kg of i.v. midazolam as premedicant developed the episode of paradoxical reaction. When the incidence of paradoxical reaction among the 4 groups was compared, there was a significant difference (P = 0.002). The younger age with a higher dose of intravenous midazolam was significantly associated with paradoxical reaction. The 1-3 years with 0.10 mg/kg of i.v. midazolam developed the paradoxical reaction in 12 children out of 41 children (29.3%), significantly higher compared to the 3-5 years with 0.10 mg/kg of i.v. midazolam (7.3%, P = 0.020) and the 3-5 years with 0.05 mg/kg of i.v. midazolam (2.4%, P = 0.002) ( Table 2 ).
In addition, when age of children and a dose of midazolam as risk factors were assessed, the 1-3 years vs. (Table 3) .
Discussion
This study demonstrated that the occurrence of paradoxical midazolam reaction was significantly higher (29.3%) in the subgroup of 1-3 years/0.10 mg/kg of i.v midazolam, compared to the other 3 groups. The incidence of paradoxical midazolam reaction in the 3-5 years/0.10 mg/kg was 7.3%, 1-3 years/0.05 Vol. 65, No. 1, July 2013 Midazolam and paradoxical reaction mg/kg was 12.2%, and 3-5 years/0.05 mg/kg was 2.4%. This study suggests that the ocurrence of paradoxical midazolam reaction is associated with younger children less than 3 years old receiving relatively higher dose of intravenous midazolam.
Children are highly affected by exposure to unfamiliar hospital environments and separation from parents prior to surgery. Although controversal, excessive preoperative anxiety has been suggested to be associated with postoperative behavioral changes [10] . To alleviate the fear and anxiety prior to anesthesia and surgery, midazolam premedication has been commonly used in pediatric anesthesia.
Various routes of administration of midazolam in pediatric anesthesia have been described as an effective premedication method [11] . Because most children scheduled for general anesthesia received an intravenous route in the ward prior to transferring to preopearative holding area in this institute, intravenous administration of midazolam slowly is an effective method: noninvasive, producing less irritation and maintaining a reliable plasma level. Intravenous administration of midazolam itself was successfully carried out in the current study, offering satisfaction to both children and parents in the preoperative holding area.
Although most children are happy with the administration of intravenous midazolam, unexpected paradoxical reaction such as threatened crying, aggressive behavior even needing restraint after midazolam administration can be observed by caring pediatric anesthesiologists. Once recognized for the paradoxical reaction to the midazolam administration, prompt intervention has been suggested. An additional midazolam for more sedation was not effective to alleviate patient's symptoms [4, 12] . Accordingly, when the paradoxical reaction was recognized in this study, our pedicatric patients were immediately taken to the operating room by attending anesthesiologist and induced with sodium pentobarbital 5 mg/kg intravenously and mask ventilation with sevoflurane in 100% oxygen. All patients including children having paradoxical reactions underwent anesthetic induction successfully without any vital problems in the current study.
We selected children, aged 1-5 years, in this study because most infants less than 12 months do not need anxiolysis in general, and children above school ages can understand their current situation and can make rapport with medical staff including pediatric anesthesiologist. It is difficult to discern the incidence of paradoxical midazolam reaction in children by literature review, because of the wide range of studied children's age [1, 2, 6] and coadministration of other agents [2] . No one paradoxical reaction in a study published in Austria has been observed with 0.10 mg/kg of i.v. midazolam in 500 infants and children up to 19 years, undergoing propofol based sedation regimen for magnetic resonance imaging [6] . Massanari et al. [2] observed that 1.4% of 2,617 children, ages 1-17 years, who received intravenous midazolam and meperidine for endoscopic procedures performed in USA, developed an episode of paradoxical reaction. In a recent study with 706 Iran children, aged 6 months-6 years, similar to the children's age of this study, 3.4% deveolped paradoxical reaction following 0.1 mg/kg of intravenous midazolam as premedicant prior to elective surgery [4] . However, when we subdivided the subject children, aged 1-5 years, into the 1-3 years and the 3-5 years, our findings lead us to suggest that age less than 3 years old is a significant risk factor compared to the 3-5 years in the occurrence of the paradoxical midazolam reaction. As predicted, a relatively higher dose of intravenous midazolam compared to low dose was also a risk factor in this study. It is interesting to note that paradoxical reaction was not significantly noticeable in the in the 3-5 years with 0.05 mg/kg of intravenous midazolam (2.4%). Supporting this study, a previous study with diazepam demonstrated that adverse reaction to diazepam was more frequent in younger age and the incidence was reduced as age increased [7] . Roelofse et al. [5] suggested that the incidence of paradoxical midazolam reaction following rectal midazolam administration was strongly dependent on dosages. Although paradoxical midazolam reaction is believed to be idiosyncratic, administered midazolam amount [5] , age of children, underlying emotional and psychiatric disorder [13] , genetic basis [8] have been suggested as the related factors at increased risk. Assessing the relationship with clinical conditions against ocurrence of paradoxical reaction, and contrary to the result by Golparvar et al. [4] , we did not find any association of the episode of paradoxical phenomenon with previous surgical history, fasting time, preoperative anxiety score of the subjected children and their parents/guardian at preoperative holding area, and delayed resume of ventilation at the end of surgery in the current study. As limitations of this study we were unable to assess the basal characteristic of children. Finley et al. [14] recommended that if the basal characteristic of children is a highly impulsive trait, midazolam premedication should not be advised as premedicant. As another limitation, there was not enough sample size to pursue multivariate analysis for many other independent variables apart from age and midazolam dosages.
In conclusion, we suggest that the younger less than 3 years old receiving higher dose of intravenous midazolam are at risk for the paradoxical midazolam reaction.
